While studying the influence of salt solutions on the development of FundM~s hete~vclitus it was found that one eyed monsters could be produced if the eggs were subjected to the action of MgC12 in sea water.
The abnormal one eyed condition artificially produced in the fish can readily be compared with tlm peculiar human monstrocities known to physicians as Cyclops, Cyclopia or Synopthalmia. These human monsters are born with a single median eye which has resulted from the more or less complete fusion of the two eyes. In such cases the nose is usually also abnormal and lies above the eye. As will be shown in the discussion below the one eyed condition of the magnesium fish embryos is also due to the fusion of the two optic vesicles anteroventrally. From a study of such abnormalities one may be enabled to gain a fuller insight into the conditions that lead to the formation of a Cyclopean eye in the human monsters.
The eggs used in these experiments were >~ stripped ,, from the female into a dry bowl and then artificially fertilized. Water was added after fertilization. In cases where they were to be treated with distilled water solutions fresh water was added and the eggs were rinsed several times in this to insure the removal of the sea water salts. Molecular solutions of MgC12 were prepared in distilled water and in sea water, these were diluted to the desired concentration at the time they were to be used. Control eggs were kept in sea water and in fresh water during the experiments. Owing" to individual variation in the eggs from different fish each experiment as far as possible was carried out with eggs from a single female.
The embryos were killed in sublimate acetic or picro-acetic, sectioned and stained in DELAFIELD'S haematoxylin. The figures were all outlined with the camera lucida, and drawn to the scale indicated.
The experiments were conducted in the Marine Biological Laboratory at Woods Hole, Mass. during the past summer while occupying a 
Results.
Eggs were treated with the following distilled water sulutions of MgC12 --1/lom, l/sin, 1/5m, and 1/4m; and with 5/21m, J/'4m, 2/7 m,1/3 m, and 1/2 m sea water solutions (a molecular solution of MgC12 is equivalent to a 20.3 per cent. solution). The early stages of development of the eggs in all of these solutions was strikingly normal considering the high death rate during this period; the salt is thus rather toxic to the early embryo 9 At seventy four hours some embryos were well formed though slower than the control in their rate of development, their circulation was weak although some individuals had a quick heart beat.
When ten days old all were smaller than the control embryos, their blood flow was feeble and spasmotic, while in others the circulation had actually ceased, the blood being collected in the sinus and heart and appearing as a red streak in front of the head. The more vigorous ones kept their pectoral fins in rapid vibration.
Many of the embryos in the 1/5 m and 1/s m distilled water solutions hatched when about fifteen days old, but these swam abnormally their bodies being twisted. The sea water solutions caused a considerable shrinkage of the yolk~ and although these embryos were kept living for twenty-four days none of them hatched.
The conditions cited above are general and oceured also in a number of different salt solutions, but the Cyclopean condition which may now be considered seems peculiarly characteristic of the magnesium salt. In the 1/3 m sea water solutions of MgCl~ one eyed embryos oceured with surprising regularity in fifty per cent. of the eggs. This experiment was repeated several times and each time it so happened that exactly one half of the embryos had one large eye lying in an almost anteromedian positition. The remaining embryos in these solutions were apparently normal, so far as the eye structure was concerned. The Cyclopean embryos were abnormally shaped, yet they twisted about within the egg membrane and waved their pectoral fins vigo-rously. Figures 1, 2 and 3 show three different views of such an embryo, the large single eye is seen to be nearly terminal and ventral in position.
Structure of the Single Eye.
When the embryos were studied in section the one eyed condition was found to result from the union or fusion of the anlagen of the two eyes. Cases were observed which showed various degrees in this fusion; it appeared as though the optic vesicles were formed too far forward and ventral, so that their antero-ventro-median surfaces fused. This produces one large optic cup which in all cases gives more or less evidence of its double nature. Figure 5 is a section through the middle of such an eye, here one may notice the paired nature of its different coats and layers. The lens is seen to be single, although its outer coat seems to send off a pair of projections, one extending toward each retinal area. Figure 4 represents a section through the anterior portion of the same eye, the indentation marked x in the heavy black choroid coat indicates the place of fusion of its two components.
The single lens and its size is interesting in the light of LEWIS' 1) experiments on the development of the lens in the tadpole. He found that various portions of the ectoderm if brought into contact with the optic cup would respond by producing a lens. In these fish the lens arises from a part of the ectoderm that is different in position from the normal lens forming area. The objection might be raised that the lens forming ectoderm moved forward just as the optic cup did. This possibility is of course admitted but SPEMAI~IN'S work on Triton discussed below and LEWIS' experiment with the frog have shown that there is no strict lens forming area in the ectoderm of these amphibians. From my experiments I am inclined to believe that the same is true of the fish. Of especial interest in this connection is the size of the lens. Since the unusually large optic cup influences a large ectodermal area an unusually large lens results, and further the fused optic cups exert but a single stimulus and only one lens is formed. The size of the lens depends upon the size of the optic cup, or more exactly upon the extent of the ectodermal area influenced by it to form a lens. Fig. 6 for the reason that it is a relatively more anterior section as the single eye, it will be recalled, forms unusually far forward.
In one out of the ten embryos that were sectioned the lens was found to show a double structure, Fig. 7 . Here the lens was composed of two series of concentric layers. The other portions of the eye were more distinctly double than was usually the case. This serves to illustrate the last step in the fusion of the two eyes, further fusion would give a single eye. Figure 8 represents a section through the compound eye of a nine day embryo in a sea water solution of MgCl: 1/~ m--~ NaC1 I/5 m. In this eye the two optic cups have remained separate but are so closely approximated that they have stimulated the formation of but a single lens which lies between them. The section is somewhat in the horizontal plane and the upper part of the choroid coat is seen behind the lens, in sections further ventral the choroid is absent in this region.
The nasal pits in all of these one eyed embryos were closely approximated in the median line, and were anterior to the eye instead of in the immediate eye region where they are situated normally.
In none other of the many solutions that I have used have single eyed monsters been produced, and their abundant oecurance in MgC12 strongly indicates that this one eyed condition is characteristic of the action of this salt on the developing Fundalus embryo. A full account of the effects produced by the other solutions will appear elsewhere.
The Action of Mixtures of MgC12 and NaC1.
Distilled water solutions of MgC12 1/1o m~NaC1 ~/~ m, and sea water solutions of MgCI~ ~/~ m ~ NaC1 ~/'~ m were employed.
The distilled water mixture failed to induce any noticable effect on the development of the eggs. It may be mentioned that like strengths of the two salts when employed separately were also ineffective.
The sea water solutions contained twice as much MgC12 as the distilled water ones did, and the results were very different. Many embryos died during early clevage, and after eighteen hours those still alive showed their blastoderms prominantly raised as caps on the yolk. Neither of these salts acting alone would induce such an effect. When forty two hours old the yolks are shrunken and the embryos have baloon like pericardia in front of their heads. Later the circulation becomes feeble in many of the embryos~ this also occurs in simple MAC12 solutions.
When nine days old these embryos were abnormally small on their shrunken yolks. They showed all degrees in the fusion of the two eyes. After fifteen days they were still alive though small and pale. It is thus shown tbat the double solution acts more strongly than a simple MAC12 solution would, and causes the above magnesium effect with actually less magnesium present in the solution than is necessary to produce a like effect when tile NaC1 is absent. A t/4 m )lgC12 solution in sea water was the weakest that produced a one eyed embryo, while in the above mixture a 1/5 m MAC1, solution gave a similar result. This may be due to the additional osmotic pressue exerted by the NaC1 present, as has been suggested by MORGA~ ~). It might further be held that the Mg ions act against some other ions of the sea water and thus permits the Na ion to become effective, but such is definitely not the case here since the resulting embryos show the same characteristics as when Mg alone is added to the sea water.
It will be noted from the discussion of the experiments that one eyed embryos were not found in any of the various distilled water solutions of MgCI2 nor even in the distilled water mixture of MAC12 and NaC1, although this mixture was probably too weak in Mg to cause an effect. In the sea water solutions and in the sea water mixtures of MAC12 and NaC1 such embryos were abundant. This fact seems to indicate that the Mg ion alone is not capable of producing the one eyed embryo, but when in the presence of the constituents of sea water such a result is obtained. The question, therefere7 arises; do these single eyed embryos result from the combined action of Mg and some of the sea water constituents, or does the presence of other ions in some way act upon the eggs or influence them so that the Mg ion becomes effective.'? Or again it may be that an excess of MAC12 in the sea water causes an action which might render free or active one or more of the elements present and to their activity the one eyed embryo may be due. Only one other instance of the artificial production of .Cyclopia has been recorded as far as I have been able to find; namely in the experiments of SPEMASN 1) and since his method of obtaining such n result was so entirely different from the one here employed I shall describe it in a few words. The eggs of Triton when in the two cell stage and some later stages were constricted about the circumference of the first cleavage plane by means of a constricting thread. When eggs were subjected ~o a certain amount of constriction two headed monsters resulted of the type known as Janus parasiticas asymmetros. One of the heads was normal with two normal eyes and two nasal pits, while the other showed various abnormalities and possessed a Cyclopean eye and a single olfactory pit. All degrees in the extent of fusion of the eyes were obtained from two approximated cups each with its own lens to a complete fusion giving an almost simple cup and a single lens. The single olfactory capsule occured above the median eye. In the fish embryo I have found the two olfactory pits to be closely approximated in the median line and to be in front of the single eye. It is evident from SPEMANN'S description that the Cyelopenn eye in the Trito~ embryo is similar to that found in my fish embryos, although his manner of obtaining it and the form of his embryos differ widely from the description above.
Sen~AXN discussed the question as to the period at whieh the union of the optic vesicles takes place. If it oecured after the formation of the vesicles then two optic nerves should be present in the eye stalk, but he found only a single opticus in many of his Tritons. Cyclopean monsters. In some instances when the optic vesicle formed the cup it became so constricted at the stalk that it pinched entirely away from the brain, in such a case the opticus was wanting. SPE~tANN'S conclusion may be stated as follows; --The double eye is formed from an anlage which is compound, representing the two optic anlagen fused together, rather than from two optic vesicles which have fused after their formation. The eye stalk and nerve do not spring from both sides of the between-brain but from its middle line. For the fish that I have studied this conception is correct in part only. Here there are cases in which two distinct optic nerves pass into 2) SP~.'~A~', H., Uber experimentell erzeugte Doppelbildungen mit cyclopisehem Defekt. Zool. Jahrbiieh. Supp. VII. 1904. a fused optic cup, Fig. 5 ; others show an almost complete union of the parts and only one optieus can be distinguished; others again show two optic cups so closely approximated as to incite the formation of only a single lens~ Fig. 8 . It thus seems probable that in the formation of the Cyclopean eye the fusion of the two components may take place at different periods within a certain limit, though usually after the anlage of each eye has become differentiated from the brain. Otherwise it is difficult to conceive why an anlage that arises singly, although containing the material of two eyes, should during its development differentiate the parts of each eye instead of forming one large single eye.
From a consideration of my experiments it seems that the Mg ion itself in the presence of sea water is responsible for the Cyclops monsters. The chemical action of this ion induces directly or indirectly this definite effect upon the embryo, and it is highly probable that other elements are capable of exerting other specific effects on developing eggs. HERBST'Sl} lithium larvae of the sea urchin is a case in point. MORGA.~'S 2) frog larvae and my ~) fish embryos produced in fresh water LiC1 solutions further shows the specific action of the Li ion on developing eggs.
Summary and Conclusions.
1) FuJ~dulus embryos when developed in solutions of certain strengths of MgCl2 in sea water form a large single median eye. This condition in comparable to the one eyed human monsters known as Cyclops, Cyclopia or Synophthalmia.
2) The single eye results from an antero-medio-ventral fusion of the elements of the two optic vesicles at an early developmental stage. This fusion is more or less complete in the different embryos.
1} HERBST, C., Experimentelle Untersuehungen tiber den Einfluf3 der veri~nderten chemisehen Zusammensetzung des umgebenden Mediums auf die Entwicklung der Tiere. I. Charles R. Stockard, The Artificial Production etc.
3) The large compound optic cup induces the formation of a single lens.
This lens is formed from ectoderm different in position from that of the normal lens forming region. The lens is abnormally large in size as is also the optic cup, and the size of the former varies directly with that of the later.
It is probable that there is no localization of lens forming substance in the ectoderm of the fish embryo. This inter-relationship in the development of the optic cup and lens is interestingly compared with the processes of development in the amphibian eye as shown by recent experiments. 4) Mixed sea water solutions of MgCl~ and h~aC1 also cause the one eyed condition. Since such a defect is characteristic of the MgCl~ action when used in sea water solutions one must infer that the magnesium constituent of the mixture is responsible for the result.
Zusammenf'assung und F'olgerungen, 2) Die Einiiugigkeit ergibt sich aus einer "tntero-medio-ventralen Verschmelzung der Elemente der beiden Augenbtasen auf einem friihzeitigen Entwicklungst~dium. Diese Verschmelzung zeigt sich bei verschiedenen Embryonen in verschiedenen Graden der Vollst~indigkeit.
3) Der grol3e verschmolzene Augenbecher ruft die Bildung nur einer Linse hervor. Diese Linse bildet sich aus Ectoderm, welches sich in seinerLagevondem dienormaleLinselieferndenEctodermbezirk unterscheidet.
Die Linse ist wie der Augenbecher yon abnormer Grii~e, und ihre Gr(iBe variiert in gleichem Verh~ltnis mit der seinigen. Es ist wahrscheinlich, dab es gar keine Lokalisation yon Linsen bildender Substanz im Ectoderm des Fischembryos gibt. Diese gegenseitige Beziehung zwischen der Entwicklung des Augenbechers und der der Liuse gibt zu einem interessanten Vergleich mit den Entwicklungsprozessen im Amphibienauge Veranlassung, wie sic uns neuere Versuche aufwiesen. 4) Mischungen yon Chlormagnesium-und Chlornatriumliisungen in Seewasser bringen gleichfalls die Bedingungen fiir die Ein~iugigkeit hervor. Da ein solcher Defekt fiir die Einwirkung des Chlormagnesiums charakteristisch ist, wenn es in SeewasserlSsungen angewendet wird, so mul3 man annehmen, dab der Magnesiumbestandteil der Mischung fiir das Ergebnis verantwortlich zu machen ist.
